ence of more than 3 years in hospital practice. Both hand rubbing and hand washing compliance were poorer among nurses working in intensive care units than among nurses working in the other hospital wards. Generally, after taking off gloves, nurses preferred hand washing to hand rubbing. Conclusion: These data indicate that alcohol-based hand rubbing reduces mean bacterial counts on the hands of nurses more effectively than hand washing with antimicrobial soaps, and compliance rates with hand rubbing were also higher than with hand washing. Nevertheless, the compliance with hand rubbing was markedly lower in more experienced nurses.
cause of nosocomial infections. The hands of the healthcare workers are frequently contaminated by direct contact during routine patient care or while touching a contaminated surface or device. Multiple epidemics have been reported due to contaminated hands of healthcare workers [4, 5] . Hand hygiene is therefore considered as the most important, cheapest and most effective infection control measure in preventing horizontal transmission of nosocomial pathogens [6] .
Nevertheless, compliance with hand washing among healthcare workers is only about 40-50% [7] . Increased patient workload, decreased staffi ng, limited time, long distances to sinks, belief that use of glove obviates the need for hand hygiene and ignorance of or disagreement with guidelines and protocols have all contributed to poor compliance with hand hygiene and other routine infection control measures [8, 9] . Infection control is rarely taught in medical and nursing schools, and poor hand washing practices may be learnt from peers at the bedside [10, 11] . In order to overcome the compliance problem, alternative hand hygiene methods have been developed. During routine patient care, hand rubbing with alcoholbased solution is found to be more effective in reducing contamination than hand washing with antiseptic soap [12] . Moreover, alcohol-based hand rubbing provides effective antisepsis, does not require the use of sinks and is easier than using soap [13] .
In daily practice compliance to hand washing is low [9, 10] and the reasons for low compliance have not yet been defi ned in developing countries probably due to limited studies on hand hygiene. Therefore the aim of this study was to compare alcohol-based hand rubbing and hand washing with an antimicrobial soap with regards to both antimicrobial effi cacy and compliance.
Subjects and Methods

Setting and Participants
This study was undertaken in Duzce Medical School Hospital, Bolu, Turkey, with a healthcare staff of 415 and of these, 141 are nurses. The hospital has medical and surgical units with 200 regular ward beds and 10 intensive care unit (ICU) beds. The hospital serves a population of approximately 500,000.
This study was performed in the ICU, and in the Internal Medicine and Surgical Units from February 1 to June 17, 2003 involving 35 nurses selected randomly from the nursing staff of 141. Three nurses were excluded because 2 did not agree with the compliance requirement and 1 had surgery. The remaining 32 (29 female and 3 male, 25.4 8 4.1 years, range 19-37 years) were divided equally into hand rubbing and hand washing groups. The age, duration of employment and units were obtained from the data base. Six of the nurses worked in ICUs, 12 in the Internal Medicine Wards and the remaining 14 in Surgical Units. A total of 160 routine patient care activities were observed in the hand rubbing group and 208 in the hand washing group.
The term 'hand hygiene' in this study is defi ned as either hand washing or antiseptic hand rub. Participants were informed about the required hand washing and alcohol-based hand rubbing processes. The predefi ned indications for hand rubbing or hand washing are given in table 1 . Hand washing was performed with Klorheksol™ (2% chlorhexidine gluconate, 1% isopropyl alcohol and poncean 4P, Merkez Laboratuari, Ankara, Turkey). Hand rubbing was performed with Sterisol™ (70% ethanol, 10% isopropyl alcohol, 1% butyl alcohol with glycerin, Sterisol System, Sweden).
The hand washing process included wetting hands with water; applying an amount of the product to the hands as recommended by the manufacturer; rubbing hands together vigorously for at least 15 s, covering the surfaces of the hands and fi ngers; rinsing hands with water and drying thoroughly with a disposable towel and finally using a towel to turn off the faucet.
The hand rubbing process included applying manufacturer's recommended volume of the Sterisol product to the palm of one hand and rubbing both hands together, covering the surfaces of hands and fi ngers until hands were dry (this procedure took 15-25 s).
Sterisol was not used when hands were visibly dirty or contaminated with proteinaceous materials. In this situation the participants were requested to wash their hands thoroughly with either a nonantimicrobial soap and water or an antimicrobial soap and water [8] .
Microbiological Sampling and Evaluation
Samples were taken from the palms and fi ngertips of the subjects' dominant hands before and a few minutes following hand hygiene. Fingertips and palms were pressed on an agar plate that included 5% sheep blood. The plates were then incubated for 24 h at 37 ° C and total bacterial counts were expressed as colony-forming units (cfu). Microbiologists who evaluated the plates were blinded to the hand hygiene techniques. Isolated microorganisms were identifi ed according to classical microbiological methods [12, 13] .
Investigation of Compliance
All participants were volunteers and gave written informed consent. They were informed about the observation process, but not the time schedule of the observations or indications. One of the investigators (O.K.) gave a 2-hour teaching session to all nurses on the importance of hand hygiene and its role in nosocomial infections prior to conducting the study. Brochures for both hand washing and hand rubbing techniques as described by Coignard et al. [14] were mounted near sinks and related apparatus during the observational period.
An infectious diseases specialist (I.S.) and infection control nurses (A.O., H.A.) observed the hand hygiene behaviors. The participants were observed on days 1, 7 and 14 during the busiest times (10-11 a.m. and 2-3 p.m.) of the day for routine care activities. Participants were considered to be noncompliant when they did not perform hand washing or rubbing in accordance with one or more of the indications listed in table 1 . The nurses were further subdivided into those with more or less than 3 years of experience to determine compliance rates.
Statistical Evaluation
The characteristics of the study groups were evaluated by a twosample t test and Student's t test for each continuous variable and either a chi-square or a Fisher exact test for categorical variables. Epi-Info 6.0 (Centers for Disease Control and Prevention, Atlanta, USA) was used to perform the univariate analysis. Afterwards, multivariate analysis was applied to parameters (hand hygiene, unit, working experience) determined as signifi cant for compliance with univariate analysis. Multivariate analysis was performed using the Statistics for Social Sciences (SPSS 10.0 for Windows) program. A p value of ! 0.05 was accepted as signifi cant.
Results
Mean bacterial counts (279 8 76 vs. 251 8 73 cfu/ml) in the two groups were similar before the hand hygiene was performed (p 1 0.05), but after the mean bacterial counts were 204 8 75 and 102 8 32 cfu/ml in the hand washing and hand rubbing groups, respectively (p ! 0.01).
Compliance rates of the hand hygiene methods are given in table 2 . In univariate analysis, compliance rates were 15.4 and 72.5% in the hand washing and the hand rubbing group, respectively (p ! 0.0001). In ICUs, compliance rates with hand washing and hand rubbing were 10.0 and 28.8%, respectively (p ! 0.01); in other hospital wards, the corresponding compliance rates were 17.0 and 89.5% (p ! 0.0001). In the multivariate analysis, compliance of nurses in ICUs to hand rubbing was found to be signifi cantly less than in other hospital wards (F: 94.11, p ! 0.01). However, in the hand washing group, there was no signifi cant difference between ICUs and other hospital wards ( table 3 ) .
Compliance rates for the nurses with less than 3 years' experience were signifi cantly higher in the hand rubbing group (87.7%) than in the hand washing group (12.5%, p ! 0.0001). In the more experienced group, compliance Table 1 . Indications for hand hygiene Before direct contact with the patient After contact with the patient (when measuring pulse or blood pressure, lifting the patient) After contact with body fl uids or excretions, mucous membranes, non-intact skin, and wound dressings whether or not hands are visibly soiled After touching a 'dirty' body site and before touching a 'clean' body site during patient care After contact with inanimate objects (including medical equipment) in the immediate vicinity of the patient After removing gloves from the hands Before and after eating, after using the restroom (hand washing with a nonantimicrobial soap and water or with an antimicrobial soap and water) Compliance with hand hygiene after gloves were taken off was more frequent in the hand washing group than in the hand rubbing group (40 vs. 13%, p ! 0.01). Dermatitis was absent in the hand rubbing group, but was present in 1 subject in the hand washing group.
Discussion
Healthcare workers are aware that pathogens may be transmitted from one patient to another while caring for the patients. For nearly 150 years it has been shown that hand washing before and after contact with a patient is the most effective measure of preventing contamination [15] as it has been shown in many studies that increasing compliance decreases hospital infection rates [9] [10] [11] [12] [13] [14] [15] [16] .
In the present study, reduction in total bacterial count was more in the hand rubbing group than in the hand washing group (p ! 0.01), similar to previous studies [12, 13] . A possible explanation is that hand washing with antimicrobial soap may not remove all transient microorganisms due to the short duration of hand washing ( ! 15 s). Compliance with hand hygiene was more in the less experienced nurses. Newly recruited nurses undertook orientation courses where hand hygiene was emphasized. Another plausible explanation for low rates of compliance among the more experienced nurses may be due to lack of continuing education. It is therefore apparent that continuing education is important and that hand hygiene ought to be emphasized.
In the univariate analysis, the signifi cant difference in compliance between hand washing and rubbing could be due to time limitation and intolerance towards or allergic reactions to the hygiene methods in ICU workers [17] . The relatively high compliance rate for hand rubbing in ICUs may be related to the practical fact that it is faster and does not require use of sink, soap, and towel. This fi nding is consistent with other studies [5, 17, 18] , while in the multivariate analysis, the compliance rates were lower in the nurses working in ICUs than the other hospital wards probably due to low staff-to-patient ratio and excessive use of gloves in ICUs.
Interestingly, the compliance after taking gloves off was lower in the hand rubbing group than in the hand washing group (13 vs. 40%, respectively; p ! 0.001) mainly because hand rubbing does not remove powder remains. Thus, nurses in the hand rubbing group did not use the alcohol-based hand rub immediately.
Conclusion
The data indicate that alcohol-based hand rubbing reduces mean bacterial counts on the hands of nurses more effectively than hand washing with antimicrobial soaps, and also that compliance rates with hand rubbing were higher than hand washing, but nurses preferred hand washing after taking off gloves. We therefore recommend the hand rubbing method particularly in developing countries with limited health resources and continuing nursing education that includes hand hygiene. 
